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PUMPING LIGHT OF 2 

(57) ABSTRACT 

Flatness of a gain (optical output level) is maintained even 
When a Wavelength division multiplex signal light (WDM 
signal light) is ampli?ed in an optical ampli?cation utilizing 
Raman ampli?cation function. The optical ampli?er com 
prises: tWo (?rst and second) pumping light sources for 
Raman ampli?cation for outputting ?rst and second pump 
ing lights; the Wavelength multiplexer for Raman ampli? 
cation for alloWing the ?rst and second pumping lights to be 
incident on optical ?ber transmission paths, Where the WDM 
signal light propagates, in the direction opposite to the 
propagation direction of the signal light. The signal lights 
are Raman ampli?ed by the both pumping lights. A Wave 
length of the ?rst pumping light is set such that the gain of 
the Raman ampli?ed signal light declines in the right 
direction, and, on the other side, the Wavelength of the 
second pumping light is set such that the gain declines in the 
left direction. Gradients for shoWing a relation betWeen the 
Wavelength and the gain in Raman ampli?cation by the ?rst 
and second pumping lights are made to be in opposite 
directions from each other. Optical output levels and the 
Wavelengths of the ?rst and second pumping lights are set 
such that the gains for the signal lights included in the 
Raman ampli?ed WDM signal light become substantially 
equal to each other. 
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OPTICAL AMPLIFIER, OPTICAL AMPLIFYING 
REPEATER AND TRANSMISSION APPARATUS OF 
WAVELENGTH DIVISION MULTIPLEXED SIGNAL 

LIGHT USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical ampli?er 
that ampli?es a signal light based on Raman ampli?cation 
function, an optical amplifying repeater and an optical 
transmission apparatus that are constituted by using the 
optical ampli?er. More particularly, the present invention 
relates to an optical ampli?er that collectively ampli?es a 
signal light, in Which signal lights having a plurality of 
Wavelengths different from each other are Wavelength divi 
sion multiplexed (hereinafter referred to as a WDM signal 
light), and an optical ampli?er that comprises a ?attening 
function of a gain for each signal light. 

[0003] 2. Description of Related Art 

[0004] It is knoWn that Raman ampli?cation function is 
generated by alloWing a pumping light having a speci?ed 
Wavelength to be incident on a signal light that propagates 
in an optical ?ber transmission path, and thereby an optical 
ampli?cation of the signal light can be performed (for 
eXample, refer to Japanese Patent Laid-open No.10 (1998) 
022931 gaZette). The optical ampli?cation by Raman ampli 
?cation is performed by alloWing the pumping light having 
the speci?ed Wavelength to be incident on the optical ?ber 
transmission path in an opposite direction to a progress 
direction of the signal light that propagates in the optical 
?ber transmission path. 

[0005] Incidentally, the optical ampli?cation utiliZing 
Raman ampli?cation function could be utiliZed indepen 
dently. HoWever, in most cases, it is normally used in 
combination With the optical ampli?cation Which has a 
rare-earth element doped optical ?ber as an ampli?cation 
medium (hereinafter referred to as a normal optical ampli 
?cation). In an optical amplifying repeater arranged midWay 
or at an output end of the optical ?ber transmission path, and 
in a front optical ampli?er arranged Within an optical 
reception terminal station, the pumping light for performing 
Raman ampli?cation is incorporated in addition to the 
normal optical ampli?cation in order to improve the gain. 

[0006] HoWever, When the optical ampli?cation is per 
formed on the WDM signal light by Raman ampli?cation 
function, a difference (deviation) occurs in optical output 
levels of each signal light included in the WDM signal light 
after the optical ampli?cation, since Raman ampli?cation 
itself has a Wavelength dependency of the gain. With regard 
to the difference of the optical output level, amounts of the 
difference are added in the multi-step optical ampli?cation 
and repeating transmission system, resulting in large in?u 
ences to a transmission characteristic. 

[0007] Generally, an output Wavelength characteristic of 
the optical ampli?er as described above is designed in a state 
such that the WDM signal light to be input does not have the 
deviation in the optical output level depending on a Wave 
length. HoWever, the WDM signal light, on Which the 
optical ampli?cation Was performed by Raman ampli?ca 
tion function generated in the optical ?ber transmission path 
connected to an input portion of the optical ampli?er, further 
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undergoes the normal optical ampli?cation. Therefore, at the 
time When the WDM signal light is input to the optical 
ampli?er, When the deviation eXists in optical input levels 
among the signal lights included in the WDM signal light, 
the deviation is further increased by the normal optical 
ampli?cation. As a result, a desired output Wavelength 
characteristic cannot be obtained. 

[0008] The gain by Raman ampli?cation is different from 
each other depending on the Wavelength of the signal light 
and having the Wavelength dependency, and the Wavelength 
dependency itself is dependent on the Wavelength of a 
pumping light source. Accordingly, there is a problem of 
dif?culties in controlling the Wavelength characteristic of the 
signal light uniformly, due to scattering of the Wavelength at 
the time of manufacturing the pumping light source, a 
Wavelength ?uctuation according to difference in a pumping 
light intensity and a temperature at Which the pumping light 
source is used, and the like. 

SUMMARY OF THE INVENTION 

[0009] The object of the present invention is to maintain 
uniformity in the gain even When the optical ampli?cation is 
performed on the WDM signal light by the optical ampli 
?cation utiliZing Raman ampli?cation function. Moreover, 
another object of the present invention is to make the optical 
output level of each signal light included in the WDM signal 
light to be uniform. 

[0010] The object of the optical transmission apparatus of 
the present invention is, to perform a stable optical trans 
mission such that a large deviation does not occur in the 
optical output level of each signal light, even in the case 
Where the WDM signal light is transmitted. 

[0011] To solve the foregoing problems, the optical ampli 
?er of the present invention comprises: a ?rst pumping light 
source for Raman ampli?cation, Which outputs a ?rst pump 
ing light having a ?rst Wavelength; a second pumping light 
source for Raman ampli?cation, Which outputs a second 
pumping light having a second Wavelength; and a Wave 
length multiplexer for Raman ampli?cation, Which alloWs 
the ?rst and second pumping lights to be incident on the 
optical ?ber transmission path Where the signal light propa 
gates. The signal light is Raman ampli?ed in the optical ?ber 
transmission path by the ?rst and second pumping lights. A 
propagation direction of the ?rst and second pumping lights 
may be backWard or may be forWard (the same direction) to 
that of the signal lights. 

[0012] Although the signal light may be applied to a single 
signal light, it is, speci?cally, the WDM signal light, in 
Which the signal lights having a plurality of Wavelengths 
different from each other are Wave length division multi 
pleXed. In other Words, the optical ampli?er of the present 
invention, With regard to the pumping light for performing 
Raman ampli?cation, alloWs tWo pumping lights having the 
Wavelengths different from each other to be incident on the 
optical transmission path. 

[0013] In the above-described constitution, to reduce the 
in?uence on the WDM signal light from the Wavelength 
dependency of the gain, Which occurs When the optical 
ampli?cation by Raman ampli?cation is performed, the ?rst 
Wavelength is the Wavelength to alloW the signal light to be 
Raman ampli?ed such that the Wavelength having the peak 
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gain by Raman ampli?cation becomes shorter than the 
Wavelength of the signal light included in the WDM signal 
light. On the other hand, the second Wavelength is the 
Wavelength to alloW the signal light to be Raman ampli?ed 
such that the Wavelength having the peak gain by Raman 
ampli?cation becomes longer than the Wavelength of the 
signal light included in the WDM signal light. 

[0014] Herein, a gradient shoWing the relation betWeen the 
Wavelength and the gain in Raman ampli?cation by the ?rst 
pumping light and a gradient shoWing the relation betWeen 
the Wavelength and the gain in Raman ampli?cation by the 
second pumping light are in opposite directions from each 
other. The optical output level and the Wavelength of the ?rst 
and second pumping lights are respectively set such that the 
gains for signal lights included in the WDM signal light, on 
Which Raman ampli?cation Was performed by the ?rst and 
second pumping lights, become substantially equal to each 
other. 

[0015] In the above-described constitution, the ?rst and 
second pumping light sources for Raman ampli?cation can 
be constituted of: ?rst and second laser diodes that oscillate 
?rst and second lights respectively; and ?rst and second ?ber 
gratings, Which are arranged in a previous step of the ?rst 
and second laser diodes, that selectively transmit the lights 
having the ?rst and second Wavelengths in a speci?ed ratio 
and re?ect residual light. Alternatively, the ?rst and second 
pumping light sources for Raman ampli?cation can be also 
constituted of: the ?rst and second laser diodes that oscillate 
the ?rst and second lights respectively; and ?rst and second 
optical ?lters, Which are arranged in a previous step of the 
?rst and second laser diodes, that selectively transmit the 
lights having the ?rst and second Wavelengths. 

[0016] The Wavelength multiplexer in the optical ampli?er 
for Raman ampli?cation of the present invention, more 
particularly, can be constituted of: ?rst and second pumping 
light multiplexers for Raman ampli?cation, Which are 
arranged by connecting to an optical ?ber connected to the 
optical ?ber transmission path, that transmit the signal light 
and alloW the ?rst and second pumping lights to be incident 
on the optical ?ber. Alternatively, the Wavelength multi 
plexer can be constituted of: a pumping light multiplexer for 
Raman ampli?cation, Which multiplexes the ?rst and second 
pumping lights and outputs a multiplexed pumping light; 
and a pumping light multiplexer for Raman ampli?cation, 
Which is arranged by connecting to the optical ?ber con 
nected to the optical ?ber transmission path, that transmits 
the signal light and alloWs the multiplexed pumping light to 
be incident on the optical ?ber. Moreover, the Wavelength 
multiplexer can be also constituted of: a polariZation com 
biner for Raman ampli?cation; and a pumping light multi 
plexer for Raman ampli?cation. The former performs the 
polariZation combination of the ?rst and second pumping 
lights and outputs the multiplexed pumping light, Where the 
?rst and second pumping lights, Which are respectively 
output from the ?rst and second pumping light sources for 
Raman ampli?cation, are perpendicular to each other, that is, 
in a polariZation state. The latter, Which is arranged by 
connecting to the optical ?ber connected to the optical ?ber 
transmission path, transmits the signal light and alloWs the 
multiplexed pumping light to be incident on the optical ?ber. 

[0017] For the purpose of improving uniformity of the 
gain of the signal light included in the WDM signal light or 
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the optical output level itself, a constitution can be adopted 
Where a feedback control is performed to the optical ampli 
?cation by Raman ampli?cation function, Which is obtained 
by the above-described constitution. Speci?cally, in addition 
to the above-described constitution, the Wavelength multi 
plexer is further alloWed to comprise: an optical splitter for 
splitting a part of the WDM signal light and outputs the split 
WDM signal light; signal light extractor to extract tWo 
signal lights, Which have the Wavelengths different from 
each other, from each signal light included in the split WDM 
signal light; an optical receiver to detect the optical output 
level of each of the tWo signal lights extracted by the signal 
light extractor; and a pumping light output control circuit for 
controlling the optical output levels or the Wavelengths of 
the ?rst and second pumping lights for Raman ampli?cation 
according to the amount of difference betWeen the tWo 
optical output levels. 

[0018] Although the above-described optical ampli?er of 
the present invention has an independent optical ampli?ca 
tion function only by Raman ampli?cation function, it can 
be also used in combination With the normal optical ampli 
?cation function, in Which the optical ampli?cation is per 
formed by using the rare-earth element doped optical ?ber 
(for example, an erbium doped ?ber) as the ampli?cation 
medium. Speci?cally, in the above-described optical ampli 
?er, the optical ampli?cation by Raman ampli?cation and 
the normal optical ampli?cation are used in combination by 
further comprising: an ampli?cation medium for amplifying 
the signal light; a third pumping light source for outputting 
a third pumping light to alloW the ampli?cation medium to 
be in an excited state; and a Wavelength multiplexer for 
alloWing the third pumping light to be incident on the 
ampli?cation medium. 

[0019] The Wavelength multiplexer in such a constitution 
may be arranged at a position from Which the signal light is 
input to the ampli?cation medium, and the third pumping 
light may be alloWed to be incident on the ampli?cation 
medium in the same direction as the propagation direction of 
the signal light. Alternatively, the Wavelength multiplexer 
may be arranged at an output side of the ampli?cation 
medium from Which the signal light is output, and the third 
pumping light is alloWed to be incident on the ampli?cation 
medium in the opposite direction to the propagation direc 
tion of the signal light. On the side to Which the signal light 
of the Wavelength multiplexer for Raman ampli?cation is 
output, an optical isolator may be arranged, Which selec 
tively transmits only the light propagating to the same 
direction as that of the signal light and obstructs the light 
propagating in the opposite direction. According to such 
constitution, a re?ected returning light or the in?uence by 
the pumping light for Raman ampli?cation, Which comes 
from the optical ampli?er arranged in a subsequent step, is 
reduced, thus more stable optical ampli?cation can be per 
formed. 

[0020] The constitution of the feedback control for the 
purpose of obtaining uniformity of the gain of the signal 
light included in the WDM signal light or of the optical 
output level itself can be also applied to the constitution 
Where the normal optical ampli?cation is used in combina 
tion. Speci?cally, in addition to the above-described consti 
tution, the optical ampli?er is further alloWed to comprise: 
the optical splitter for splitting a part of the WDM signal 
light and outputs the split WDM signal light; the signal light 
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extractor to extract tWo signal lights, Which have the Wave 
lengths different from each other, from each signal light 
included in the split WDM signal light; the optical receiver 
for detecting the optical output level of each of the tWo 
signal lights extracted by the signal light extractor; and the 
pumping light output control circuit for controlling the 
optical output levels or the Wavelengths of the ?rst and 
second pumping lights for Raman ampli?cation according to 
the amount of difference betWeen the tWo optical output 
levels. 

[0021] The optical splitter may be arranged at a position 
from Which the WDM signal light is input to the Wavelength 
multiplexer for Raman ampli?cation. Alternatively, the opti 
cal splitter may be arranged at a position to Which the WDM 
signal light is output from the Wavelength multiplexer for 
Raman ampli?cation. In the case of the former constitution, 
the feedback control is performed intended for the ?atness of 
the WDM signal light immediate before it is input to the 
optical ampli?er. On the other hand, in the case of the latter 
constitution, the feedback control is performed intended for 
the uniformity of the WDM signal light after the optical 
ampli?cation. 

[0022] The optical amplifying repeaters of the present 
invention are arranged midWay of upper and loWer lines, and 
perform optical repeating and ampli?cation for the signal 
lights propagating in each direction. As a basic constitution, 
the above-described optical amplifying repeaters are consti 
tuted to be arranged in each of the upper and loWer lines. 
Speci?cally, the optical amplifying repeater is the one that 
comprises: the optical ampli?er for a doWn signal, Which is 
arranged in the optical transmission path for the doWn 
signal; and the optical ampli?er for an up signal, Which is 
arranged in the optical transmission path for the up signal. 
The optical ampli?ers for doWn and up signals comprise the 
optical ampli?ers of the present invention as described 
above. 

[0023] In the above-described constitution, tWo of the 
pumping light sources for Raman ampli?cation may be 
provided for each of the upper and loWer lines. For more 
ef?cient constitution, the ?rst pumping light source for 
Raman ampli?cation, Which is provided in the optical ampli 
?er for the doWn signal and the ?rst pumping light source for 
Raman ampli?cation, Which is provided in the optical ampli 
?er for the up signal use a common ?rst pumping light 
source for Raman ampli?cation. And, the second pumping 
light source for Raman ampli?cation, Which is provided in 
the optical ampli?er for the doWn signal and the second 
pumping light source for Raman ampli?cation, Which is 
provided in the optical ampli?er for the up signal use a 
common second pumping light source for Raman ampli? 
cation. The ?rst and second pumping lights for Raman 
ampli?cation output from the common ?rst and second 
pumping light sources for Raman ampli?cation may be 
coupled and split by an optical coupler, and then the split 
lights may be respectively output to the Wavelength multi 
plexer for Raman ampli?cation, Which is provided in the 
optical ampli?er for the doWn signal and to the Wavelength 
multiplexer for Raman ampli?cation, Which is provided in 
the optical ampli?er for the up signal. Such a constitution 
can be adopted in the case of the optical ampli?cation 
performed independently by Raman ampli?cation as Well as 
in the case Where the normal optical ampli?cation is used in 
combination. 
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[0024] In the constitution Where the normal optical ampli 
?cation is used in combination, the optical ampli?ers for the 
doWn and up signals further respectively comprise fourth 
pumping light sources for outputting a fourth pumping light 
to alloW the ampli?cation medium to be in the excited state. 
The third pumping light source provided in the optical 
ampli?er for the doWn signal and the third pumping light 
source provided in the optical ampli?er for the up signal are 
made to be a common third pumping light source. The fourth 
pumping light source provided in the optical ampli?er for 
the doWn signal and the fourth pumping light source pro 
vided in the optical ampli?er for the up signal are made to 
be a common fourth pumping light source. The third pump 
ing light output from the common third pumping light 
source and the fourth pumping light output from the com 
mon fourth pumping light source are coupled and split by an 
optical splitting coupler, and the split lights may be respec 
tively output to the Wavelength multiplexers provided in the 
optical ampli?ers for the doWn and up signals. 

[0025] The WDM signal light transmission apparatus of 
the present invention comprises: an optical transmission 
terminal station for Wavelength division multiplexing a 
plurality of signal lights having the Wavelengths different 
from each other and for sending out the WDM signal light; 
the optical ?ber transmission path for propagating the WDM 
signal light; an optical receiving terminal station for receiv 
ing the WDM signal light; and the optical ampli?er of the 
present invention, Which is arranged midWay of the optical 
transmission path to repeat and amplify the WDM signal 
light. 
[0026] Similarly, the WDM signal light transmission 
apparatus, Which has the upper and loWer lines, for trans 
mitting the WDM signal light in both directions comprises: 
the optical transmission terminal station for Wavelength 
division multiplexing a plurality of doWn signal lights 
having the Wavelengths different from each other and for 
sending out a doWn WDM signal light; the optical ?ber 
transmission path for the doWn signal light for propagating 
the doWn WDM signal light; the optical receiving terminal 
station for the doWn signal light for receiving the doWn 
WDM signal light; the optical transmission terminal station 
for Wavelength division multiplexing a plurality of up signal 
lights having the Wavelengths different from each other and 
for sending out an up WDM signal light,; the optical ?ber 
transmission path for the up signal light for propagating the 
up WDM signal light; the optical receiving terminal station 
for the up signal light for receiving the up WDM signal light; 
and the optical ampli?ers of the present invention, Which are 
arranged midWay of the up and doWn optical transmission 
paths to repeat and amplify the up and doWn WDM signal 
lights. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description When taken in con 
junction With the accompanying draWings Wherein: 

[0028] FIG. 1 is a vieW shoWing a constitution of a ?rst 
embodiment of the optical ampli?er of the present invention; 

[0029] FIG. 2 is a graph for explaining a fundamental 
principle of the optical ampli?er of the present invention, 
Which shoWs a relation betWeen a Wavelength and a gain in 
Raman ampli?cation; 
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[0030] FIGS. 3A, 3B, 3C and 3D are graphs for explain 
ing the fundamental principle of the optical ampli?er of the 
present invention, Which show relations betWeen a Wave 
length and an output level of the WDM signal light in 
Raman ampli?cation, in Which 3A is a graph shoWing a 
relation betWeen the Wavelength and output level of the 
WDM signal light before Raman ampli?cation, 3B and 3C 
shoWing relations betWeen the Wavelength and output level 
of the WDM signal light When an independent Raman 
ampli?cation is performed, and 3D shoWing a ?nal relation 
betWeen the Wavelength and output level of the WDM signal 
light; 
[0031] FIG. 4 is a vieW shoWing the ?rst embodiment of 
the present invention, Which shoWs a variation example of 
the constitution shoWn in FIG. 1; 

[0032] FIG. 5 is a vieW exemplifying a constitution of the 
pumping light for Raman ampli?cation that is performed in 
the optical ampli?er of the present invention; 

[0033] FIG. 6 is a vieW exemplifying another constitution 
of the pumping light for Raman ampli?cation that is per 
formed in the optical ampli?er of the present invention; 

[0034] FIG. 7 is a vieW shoWing the constitution of a 
second embodiment of the optical ampli?er of the present 
invention; 
[0035] FIG. 8 is a vieW shoWing the constitution of a third 
embodiment of the optical ampli?er of the present invention; 

[0036] FIG. 9 is a vieW shoWing the constitution of a 
fourth embodiment of the optical ampli?er of the present 
invention; 
[0037] FIG. 10 is a vieW shoWing the constitution of a 
?fth embodiment of the optical ampli?er of the present 
invention; 
[0038] FIG. 11 is a vieW shoWing the constitution of a ?rst 
embodiment of the optical ampli?cation repeater of the 
present invention; 

[0039] FIG. 12 is a vieW shoWing the constitution of a 
second embodiment of the optical ampli?cation repeater of 
the present invention; 

[0040] FIG. 13 is a vieW shoWing the constitution of a 
third embodiment of the optical ampli?cation repeater of the 
present invention; 

[0041] FIG. 14 is a vieW shoWing the constitution of a ?rst 
embodiment of the WDM light signal transmission appara 
tus of the present invention; and 

[0042] FIG. 15 is a vieW shoWing the constitution of a 
second embodiment of the WDM light signal transmission 
apparatus of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0043] Next, embodiments of the optical ampli?er of the 
present invention Will be described in detail With reference 
to the draWings. 

[0044] FIG. 1 is a vieW shoWing the constitution of the 
?rst embodiment of the optical ampli?er of the present 
invention, Which shoWs the fundamental principle of the 
optical ampli?er of the present invention. The optical ampli 

Sep. 6, 2001 

?er of the present invention comprises tWo pumping light 
sources 4 and 5 for outputting pumping lights, Which have 
Wavelengths to perform Raman ampli?cation on the signal 
light propagating in an optical ?ber transmission path 1. 

[0045] The pumping lights output from each of the pump 
ing light sources 4 and 5 are alloWed to be incident on the 
optical ?ber transmission path by Wavelength multiplexers 2 
and 3 arranged at an output end or the midWay of the optical 
?ber transmission path 1 in the direction (the direction 
shoWn by arroWs in broken lines) opposite to a propagation 
direction (the direction shoWn by arroWs in solid lines) of the 
signal light (the WDM signal light). In the optical ampli?er 
of the present invention, the signal light is Raman ampli?ed 
by the pumping lights respectively output from the above 
described pumping light sources. 

[0046] Herein, description Will be made for reduction of 
in?uence by the Wavelength dependency of the gain in 
Raman ampli?cation by the optical ampli?er of the present 
invention, that is, principle and function of ?attening of the 
optical output level. The present invention is based on 
assumption of the folloWing ?ndings. The gain in Raman 
ampli?cation has the Wavelength dependency, and is char 
acteriZed in that a peak gain occurs at the Wavelength Which 
is longer than that of the pumping light by a speci?ed 
amount of Wavelength (approximately 100 to 120 nm) and 
gradually reducing at the Wavelengths Which are longer or 
shorter than that of the peak gain. This characteristic Was 
con?rmed in experiment or the like, and FIG. 2 schemati 
cally shoWs the relation betWeen the Wavelength and the 
gain by Raman ampli?cation. 
[0047] Assuming that the peak gain occurs at the Wave 
lengths longer than that of the pumping light by approxi 
mately 80 to 110 nm, When the signal light is Raman 
ampli?ed by the pumping light having the Wavelength )\.()-90 
nm, the gain is characteriZed in that its peak occurs at the 
wavelength )»0 as indicated in FIG. 2 and gradually reduces 
as the Wavelength goes off 20. Accordingly, the highest gain 
can be obtained by alloWing the signal light to be Raman 
ampli?ed by the pumping light having the Wavelength 
shorter than the Wavelength (herein after referred to as ‘a 
center Wavelength’), Which is substantially the center of a 
Wavelength range of the signal light included in the WDM 
signal light, by approximately 90 nm. 

[0048] HoWever, When such Raman ampli?cation is per 
formed, in the case Where the number of the signal lights 
included in the WDM signal light is large (for example, 32 
Waves) and the above-described Wavelength region is Wide, 
a large deviation occurs betWeen the gains of the signal light 
in the vicinity of the central portion Where the peak gain is 
obtained and the gains of the signal light in an edge portion 
of the Wavelength range. 

[0049] Therefore, in the optical ampli?er of the present 
invention, Raman ampli?cation is made to occur by tWo 
pumping lights, Which are ?rst and second pumping lights. 
The ?rst pumping light has a ?rst Wavelength set such that 
the Wavelength, at Which the peak gain by Raman ampli? 
cation occurs, becomes shorter than the center Wavelength of 
the WDM signal light, and the second pumping light, on the 
contrary, has a second Wavelength set such that the Wave 
length becomes longer than the center Wavelength. 

[0050] Description is noW made With reference to FIG. 2. 
By the ?rst pumping light, the WDM signal light is Raman 
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ampli?ed With the gain characteristic shown by the Wave 
length range A2. On the other hand, by the second pumping 
light, the WDM signal light is Raman ampli?ed With the 
gain characteristic shoWn by the Wavelength range A1. In 
other Words, the signal light is Raman ampli?ed by each of 
the ?rst and second pumping lights such that the gains have 
the gradients in speci?c directions (declining in the right and 
left directions). As a result of Raman ampli?cation by the 
both pumping lights, the gain is made to be ?at. 

[0051] FIGS. 3A, 3B, 3C and D are graphs shoWing 
relations betWeen the Wavelength and the output level of the 
Raman ampli?ed WDM signal light by the optical ampli?er 
of the present invention. FIG. 3A shoWs the relation 
betWeen the Wavelength and the output level before Raman 
ampli?cation is performed, and the optical output level of 
each signal light included in the WDM signal light is 
alloWed to be uniform When the optical ampli?er does not 
have a function to perform Raman ampli?cation. FIGS. 3B 
and 3C shoW the output level of each signal light for the 
Wavelength of the signal light When undergone the indepen 
dent Raman ampli?cation. It is understood that FIG. 3B 
shoWs the characteristic that declines in the right direction 
because the Wavelength of the pumping light is set shorter 
than the center Wavelength and FIG. 3C shoWs the opposite 
characteristic. FIG. 3D shoWs that characteristics of FIGS. 
3B and 3C are superposed into the ?nal relation betWeen the 
Wavelength of the signal light and the optical output level, 
and that the deviation in the optical output level are can 
celled to be uniform. 

[0052] Next, description Will be made for a variation 
example of the optical ampli?er of the present invention. 

[0053] FIG. 4 is a vieW shoWing the constitution of the 
?rst embodiment of the optical ampli?er of the present 
invention, Which shoWs the variation example of the con 
stitution shoWn in FIG. 1. 

[0054] The optical ampli?er of the present invention is the 
one that alloWs the tWo pumping lights to be incident on the 
optical ?ber transmission path for performing Raman ampli 
?cation. The constitution for alloWing the tWo pumping 
lights to be incident on the transmission path is not limited 
to the ?rst embodiment shoWn in FIG. 1. Instead of arrang 
ing the Wavelength multiplexers 2 and 3 midWay of the 
optical ?ber transmission path 1, as shoWn in FIG. 4, the 
pumping lights are previously multiplexed by the Wave 
length multiplexer (optical multiplexer) 2, and the multi 
plexed tWo pumping lights then may be alloWed to be 
incident on the optical ?ber transmission path 1 by the 
Wavelength multiplexer 3 arranged midWay of the optical 
?ber transmission path 1. This constitution is characteriZed 
in that a signal light loss is reduced oWing to less number of 
the Wavelength multiplexers arranged in the optical ?ber 
transmission path 1. 

[0055] Instead of the optical multiplexer 2, polariZed 
Waves output from the pumping light sources 4 and 5 are 
made to be in a perpendicular state With each other, and the 
both pumping lights may be multiplexed by a polariZation 
multiplexer. Particularly, this constitution is suitable for the 
case Where the Wavelengths of the both pumping lights are 
adjacent to each other and multiplexing by the optical 
multiplexer is dif?cult. In the above-described embodiment, 
the pumping lights are alloWed to be incident on the optical 
?ber transmission path in the direction opposite to that of the 
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signal light as shoWn in FIG. 1. HoWever, the similar effect 
can be obtained if the pumping lights are alloWed to be 
incident on the transmission path in the forWard direction, 
that is, toWard the subsequent step. 

[0056] Next, When Raman ampli?cation is performed by 
the tWo pumping lights as described above, the pumping 
lights are required to be output in a single mode at speci?ed 
Wavelengths. Description Will be made for the constitution 
for realiZing such pumping light. 
[0057] FIG. 5 and FIG. 6 are vieWs shoWing examples of 
the constitution of the pumping light source for Raman 
ampli?cation. The constitution shoWn in FIG. 5 shoWs the 
one consisted of a laser diode 12 for oscillating the pumping 
light and a Wavelength selective optical re?ector (for 
example, a ?ber grating) 13 arranged in front of the laser 
diode 12. Herein, the ?ber grating 13 has a characteristic that 
it selectively re?ects the pumping light of the above-de 
scribed speci?ed Wavelength by a speci?ed ratio from a feW 
% to about 10%. With such a constitution, only the speci?ed 
Wavelength becomes an oscillated state, thus the pumping 
light having a stable Wavelength is obtained. 

[0058] FIG. 6 is an example Where a bandpass optical 
?lter 14, Which selectively transmits only the light having 
the speci?ed Wavelength, is arranged instead of the ?ber 
grating 13. According to this constitution, only light having 
only the speci?ed Wavelength is output from the pumping 
light source as the pumping light. In either constitution, the 
Wavelength of the pumping light output from the pumping 
light source can be variably controlled. For example, in the 
constitution Where the ?ber grating 13 shoWn in FIG. 5 is 
used, the Wavelength of the pumping light can be controlled 
by changing a period of the ?ber grating 13. In the consti 
tution Where the optical ?lter 14 shoWn in FIG. 6 is used, the 
Wavelength of the pumping light can be controlled by 
changing an angle of incidence to a dielectric multilayer. 

[0059] Next, in the optical ampli?er of the present inven 
tion, description Will be made for the constitution Where the 
optical ampli?cation by Raman ampli?cation and the normal 
optical ampli?cation are used in combination. Although the 
above-described optical ampli?er of the present invention 
shoWs the optical ampli?cation independently by Raman 
ampli?cation function, the normal optical ampli?cation can 
be used in combination. 

[0060] FIG. 7 is a vieW shoWing the constitution of the 
second embodiment of the optical ampli?er of the present 
invention. The fundamental constitution is the same as the 
one shoWn in FIG. 4. The optical ampli?er comprises: a 
rare-earth element doped ?ber (herein, the Wavelength of the 
signal light is set at 1550 nm and the erbium doped ?ber 
(EDF) is used) 6 in the previous step of the Wavelength 
multiplexer 3; a pumping light source 7 for outputting the 
pumping light to alloW the ampli?cation medium to be in the 
excited state; and an optical multiplexer 8, Which is arranged 
in the previous step of the EDF 6, for alloWing the pumping 
light to be incident on the EDF 6 in the same direction as that 
of the signal light. Herein, an optical isolator 10 is arranged 
to prevent lights from being incident on the EDF 6. The 
lights to be prevented from incidence are: the re?ected 
returning light of the WDM signal light, Which is ampli?ed 
and output, from the optical ?ber transmission path 1; and 
the pumping lights (the lights from the right side in the 
draWing) for Raman ampli?cation, Which are sent out from 
the optical ampli?er arranged in the subsequent step. 














